Objectives. To provide a preliminary assessment of in-house polymerase chain reaction (PCR) as an alternative to the more costly commercial test for detection of asymptomatic infection by Chlamydia trachomatis and to provide much needed demographic data on infection indicators within the Trinidad and
contact. Testing has been shown effective for the identification of infected, asymptomatic individuals (5) and economic gains by the health care system have been attributed to testing (6) . Testing is recommended by the Centers for Disease Control and Prevention (CDC, Atlanta, Georgia, United States of America) (7) . Commercial diagnostic systems, based on nucleic acid amplification, have been developed to serve this need and are now considered to be the preferred method (7) . However, these systems are expensive, though efforts have been made to reduce their cost (8) . For the Republic of Trinidad and Tobago, and other countries in the developing world where resources are relatively limited, the cost to purchase, use, and maintain these commercial diagnostic systems can be prohibitive.
Studies have indicated that C. trachomatis infection may represent a serious health threat to the Trinidadian population (9) . It is also an important factor in pregnancy and fertility-related problems in Trinidad (10) . However, despite the need for testing (11) , to date, C. trachomatis screening has not been made available by the Government's health care system. Recognizing the importance of and need for C. trachomatis screening and the prohibitive cost of commercial systems, the Diagnostic Laboratory Services at the Government's Mt. Hope Hospital, in collaboration with the University of the West Indies, undertook a preliminary study. The study would determine if a less expensive, in-house diagnostic test could serve the health care needs of the nation by achieving two desired objectives: the detection of asymptomatic infections and the collection of demographic information needed for intervention by the public health care system.
MATERIALS AND METHODS
The ethics committees of the Faculty of Medical Sciences of the University of the West Indies and the General Hospital in Port-of-Spain, Trinidad and Tobago, approved this study. Administrative approval was obtained from the Principal Medical Officer, Ministry of Health, Government of Trinidad.
Sample collection and processing
Samples were collected in MarchSeptember 2004 from 273 apparently healthy, pregnant women at private as well as government clinics. Any and all pregnant women present in the respective clinics at the time of sampling were invited to participate. A 15-20 mL sample of first-void urine was collected, held at 4°C until transported (within 24 hours of collection), and stored at -20°C until DNA was prepared from the sample (within two months). DNA from both urine and vulvular swabs was prepared using Chelex 100 resin (Sigma Chemical Co., St. Louis, United States) according to Jurstrand (12) .
Polymerase chain reaction (PCR)
Primary and nested multiplex-PCR reactions were optimized by testing 1.5, 2, and 3 mM MgCl 2 in the reaction, each at 12 temperatures ranging from 45°C -65°C using a Gradient Master Cycler (Eppendorf Inc., Westbury, New York, United States). Primers utilized in this work are presented in Table 1 and target the cryptic plasmids in C. trachomatis (for example, GenBank X06707) or N. gonorrhoeae (for example, GenBank M10316). In order to minimize contamination, four separate rooms were used; one for creating the PCR reaction mix, a second for template preparation and primary PCR, a third for performing nested reactions, and a fourth for gel electrophoresis. Nested reactions were performed in a biosafety hood where 1 mL of primary reaction was delivered to a nested tube with a 1 mL platinum urine loop. The end of the loop was then washed briefly in a 10% bleach solution, rinsed in water, and flamed before reusing. Amplification products from 15 mL of the PCR reaction were separated on a 2% agarose gel, stained with ethidium bromide, and visualized under a 302 nm ultraviolet light. DNA markers were created by PCR amplification of virulence genes from E. coli generating calculated-sized base pair (bp) fragments of 881, 520, 337, 274, and 171, and their relative sizes confirmed using a commercial DNA size standard (100 bp ladder, Promega Corp., Madison, Wisconsin, United States).
Primary reactions contained 0.2 mM each dNTP, reaction buffer with MgCl 2 at 3 mM, 0.5 pmoles/mL each of primers HO1, HO3, Chlam5 (5'-CATTATGTCGGAGTCTGAGC), and Chlam3 (5'-GGATGACTCAAG-GAATAGTCG), 1 mL of Internal Amplification Control (IAC) template (a DNA amplicon randomly amplified from the genome of a chicken with primer IAC whose concentration was undetermined), 0.4 pmoles/mL primer IAC (5'-TGTTTGACAGCTTATCAT), 5 mL DNA template preparation, 0.5 units of Taq polymerase, and water to 25 mL. Amplification conditions were 94°C for 15 seconds, 60°C for 30 seconds, 72°C for 60 seconds, for 40 cycles.
Nested reactions contained 0.2 mM each dNTP, reaction buffer containing MgCl 2 at 2 mM, 0.5 pmoles/mL each of primers KL-1, KL-2, Gon5 (5'-GTTCTTGACGCTCCATATCG) and Gon3 (5'-ACGAGGCATTGAAG-CAAAGC), 0.4 pmoles/mL IAC, 1 mL of the primary reaction, 0.5 units of Taq polymerase, and water to 25 mL. Amplification conditions were 94°C for 15 seconds, 58.5°C for 30 seconds, 72°C for 30 seconds, for 40 cycles. 
DNA sequencing
DNA sequence was determined for C. trachomatis and N. gonorrhoeae from amplicons generated in the nested reaction. Amplification products were electrophoresed through a 1% agarose gel, and the agar containing the amplified DNA was then cut from the gel, briefly frozen, thawed, and spun at 12 000 rpm through a polypropylene fiber to remove the DNA-containing liquid. Lastly it was ethanol precipitated. An ABI Big Dye (Applied Biosystems Group, Foster City, California, United States) sequencing kit was used according to the manufacturer's instructions, using the nested primers individually in separate reactions, and the reactions resolved on an ABI377 DNA sequencing machine.
Digene's Hybrid Capture II CT-ID
DNA from 10 swabs and 10 urine samples were sent to the Barbados Reference Laboratory for C. trachomatis testing using Digene's Hybrid Capture II CT-ID test (Digene Corp., Gaithersburg, Maryland, United States). Samples shown by PCR to be either positive or negative for C. trachomatis were chosen for analysis.
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences, version 15.0 (SPSS Inc., Chicago, Illinois, United States), and R for Windows (The R Foundation, Vienna, Austria) (15) . The Chi-square test was used to assess the association of pairs of categorical variables. Multidimensional log-linear analyses were used to analyze a three-way contingency table consisting of marital status, ethnicity, and infection status. Because the log-linear models indicated that a three-way interaction effect of marital status, ethnicity, and infection status was not significant, analyses of two-way contingency tables were performed. A significance level of 0.05 was used throughout the analyses.
RESULTS
The in-house test provided clear and easy to interpret results (Figure 1) . Of 273 urine samples from apparently healthy, pregnant women, the primary PCR detected C. trachomatis in 21 samples and both C. trachomatis and N. gonorrhoeae in 1 sample. The nested PCR detected C. trachomatis in a total of 57 samples, 5 of which also contained N. gonorrhoeae. None of the samples contained N. gonorrhoeae without a C. trachomatis co-infection.
As expected, all samples that tested positive in the primary reaction for either bacterium were also positive for the same bacterium in the more sensitive, nested reaction. DNA sequence analysis of amplicons generated in the nested reaction for both a positive C. trachomatis sample (GenBank DQ005492), and a positive N. gonorrhoeae sample, (GenBank DQ005493), confirmed the origin of amplified DNAs.
Results using the in-house test compared well with results obtained by the Barbados Reference Laboratory using Digene's Hybrid Capture II CT-ID (Table 2) . In all instances, where the commercial test was either positive or equivocal, the in-house test was positive; however, two samples, negative by the commercial test, were positive by the in-house test. These two samples were tested twice by the in-house test, and both times the results were positive in both the primary and nested reactions.
The association of four demographic parameters with C. trachomatis infection is presented in Table 3 . A statistically significant association was not observed between either trimester and infection status (P = 0.462), nor the type of health facility and infection status (P = 0.104). Therefore, the probability of being either positive (79.1%) or negative (20.9%) was estimated with 95% confidence levels (Table 3) , regardless of the trimester and facility subgroups. Alternatively, the associations between both marital status and ethnicity and the infection status were very strong, indicated by extremely small P values (near zero). Infection probability and 95% confidence intervals for each subgroup of ethnicity and marital status are also given in Table 3 .
DISCUSSION
Although routine testing for C. trachomatis has never been available within the public health care system in Trinidad and Tobago, studies have indicated both a high rate of exposure to the organism (9) and its involvement in disease within the Trinidadian population (10) . The need for routine testing for C. trachomatis in Trinidad has been reported (11) and numerous reports can be found in the literature on the use of commercial tests for the detection of C. trachomatis (16) (17) (18) . However, for developing countries like Trinidad and Tobago, these reports are of little use since the tests described are prohibitively expensive. Therefore, an economical alternative to commercial tests was sought for use within the Trinidad and Tobago health care system. The first objective of this study was to determine if an in-house, PCR could detect subclinical infection in individuals. This was necessary for purposes of routine testing and treatment. The decision was made to use a nested-PCR because it is known to be highly sensitive. In fact, one potential concern was the false-positive results that the nested PCR might produce due to its high sensitivity. However, in this study, positive samples were nonrandom regarding both race and marital status (Table 2) , and thus consistent with few or no false-positive reactions from random contamination. Attesting to the sensitivity of a nested-PCR, it detected approximately 2.5 times more infected samples from asymptomatic individuals than did the primary PCR. The nested PCR also performed well compared to Digene's Capture Hybrid II CT-ID, used by the Barbados Reference Laboratory for the detection of Chlamydia (Table 2) . Although financial constraints limited the sample size (n = 20), results suggested that the commercial test had no obvious advantage over the in-house test ( Table  2 ). The two samples positive by the inhouse test and negative with the commercial test were tested twice, both times giving positive reactions for C. trachomatis in both the primary and nested reactions. These results suggest that the two samples contained the bacterium and that the reactions using Digene's Capture Hybrid II CT-ID may have been falsely negative (19) . False-negatives are, in fact, a recognized problem with PCR tests, and internal amplification controls, such as the one incorporated in the in-house test, have been recommended (20) .
Although the in-house test utilized in this study was primarily for the detection of C. trachomatis, N. gonorrhoeae was included, as in commercial systems, due to its importance as an STD. However, unlike C. trachomatis, the culture and diagnosis of N. gonorrhoeae are available within the public health care system of Trinidad and Tobago; its inclusion in this preliminary study was mainly in anticipation of the future development of the test and not a focus of this study. Because routine screening for C. trachomatis has never been available in Trinidad and Tobago, the second objective of this study was to determine if the test could provide the health authorities in Trinidad and Tobago with much needed data on infection demographics. In this regard, the test performed well identifying non-random infection within the population and indicating that marital status and ethnicity may serve as indicators of infection; that is, pregnant women who are single and/or of African/mixedAfrican descent may have a higher probability of C. trachomatis infection (Table 3) . Aside from health consequences to the mother, these results indicate that a relatively large number of infants of African descent are being born from infected mothers-with unknown consequences to the child. Although infection status may seem higher among women at public health facilities, a significant association between infection and facility type was not observed using a significance level of 0.05. However, the P value of 0.104 was marginal, indicating that C. trachomatis infection may be more prevalent among patients at public health facilities and should be examined further as a potential indicator of infection status.
Because Trinidad and Tobago has not been able to afford commercial tests for routine detection of C. trachomatis, the government health care system has not been able to provide this basic service to clients. Although in-house PCR tests may not be as rigorously characterized as commercial tests, the nested PCR has been shown useful in Trinidad for the detection of sub-clinical infection and for identifying demographic parameters indicative of higher infection rates. With a calculated cost in reagents of less than US$ 1.50 per test, in Trinidad and Tobago, and perhaps other countries with similar challenges, in-house PCR tests may represent a useful tool for the detection and control of C. trachomatis infection.
